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NOTES OF THE SEVENTH MARS SCIENCE WORKING GROUP

The seventh meeting of the Mars Science Working Group (MarsSWG) was held in
Washington, DC on June 17, 1991. The meeting focused on the MESUR Pathfinder
mission. An agenda of the meeting (B) and a list of meeting attendees (C) are
included. What follows are some general notes about the meeting.

Wes Huntress provided an overview of the current status of code SL. He discussed
the status of the CRAF, Cassini, Galileo, and Mars Observer missions. NASA is
currently reevaluating its budget over the next few years with respect to priorities
and the likely reductions implied by level funding. Wes Huntress outlined the
present political environment that is particularly favorable to small Mars
exploration missions. An unusual opportunity exists in which the present
administration (including OMB), congress, and NASA upper management are all
interested in small Mars exploration missions. In response to this rare opportunity,
code SL is looking at a Discovery mission, MESUR Pathfinder, which would offer a
FY 94 new start for a primarily engineering verification of MESUR cruise, entry and
landing subsystems, which would result in a better MESUR Network mission.
Huntress countered the various criticisms brought against the Pathfinder mission,
that it is too expensive, that its schedule does not mesh with MESUR Network, and
that the money could be better used elsewhere. In addition, preliminary discussions
are under way towards purchasing a Mars 94 lander, and equipping it with a few US
instruments. These landers are RTG powered and provide an opportunity to obtain
new information from the martian surface. Finally, an effort is underway within
the US to identify new Discovery class missions (small inexpensive planetary
science missions), with a workshop planned for November 1992.

Larry Brace discussed the results of an aeronomy workshop and study team to assess
the possibility of low cost Mars aeronomy missions (D). They concluded that an
upper atmosphere and dynamics mission using existing instruments from an Earth
aeronomy mission could best fill in the gaps in knowledge from planned missions
to Mars. They are planning to conduct a small study of this mission and present it at
the Discovery Mission Workshop in November 1992.

Tony Spear presented an overview of the MESUR Project activities, with special
reference to MESUR Pathfinder (E). Pathfinder is intended to be primarily an
engineering demonstration of the cruise through landing functions required for a
single MESUR aerocraft to Mars (launched in 1996). A trade is being studied
between the cost of making instruments and electronics capable of withstanding
high g-loading and the cost of building a vehicle capable of a soft landing. It is
expected to be solar powered and to carry a small tethered microrover. Obtaining
new science data is a goal (but not a requirement) of the mission. Discussion
centered on the agreements made with MARSNET, programmatic arrangements for
the microrover and the sensibility of the mission.



John McNamee presented a description of the Pathfinder mission (F). A Delta
launch vehicle would send a single free-flying MESUR aerocraft to Mars (spin
stabilized and solar pointing). Discussion centered on the benefits of Type II
trajectories for communication and solar power and the accuracy and characteristics
of potential landing sites.

Dave Lehman presented a status report of MESUR Pathfinder flight system studies
(G). Costing information will be gathered on a number of design options that
include at their extremes, deceleration by retro rockets during final descent for a soft
landing to a harder landing decelerated only by airbags. Work is expected to produce
a design for the MESUR Pathfinder flight system by the fall of 1992.

Lonne Lane presented the status of the microrover being developed by JPL, as well
as plans for science teams and instruments (H). The microrover development is on
schedule for a demonstration in late June. In addition, plans for developing a
possible fast-track announcement of opportunity for selection of PI instruments for
MESUR Pathfinder was discussed.

Roger Bourke presented the current status of the MESUR/MARSNET coordination
activities (I). Differences in the designs of the probes and their method of getting to
Mars were discussed as well as agreements and possible implications between the
two studies. At present, payloads of the two missions are nearly identical (rather
than complementary) and MESUR has the responsibility of getting the MARSNET
probes to the vicinity of Mars and helping them communicate with the Earth.

Dave Kaplan presented potential instruments that could be provided by the Office of
Exploration for the MESUR Pathfinder mission (J). Work is just beginning to better
define particular instruments pertaining to abundance of water and composition of
the martian soil, the two topics of greatest interest to code X.

Jacques Blamont presented a couple of proposals for consideration to NASA
involving small Mars 94 stations from the Russians (K). The Mars 94 lander is RTG
powered and carries practically the same science payload as the MESUR landers.
One proposal would have CNES purchase an extra station from the Russians and
providing it to NASA at no charge for inclusion in the MESUR Pathfinder launch.
Blamont argued that it makes no sense for three different space organizations
(NASA, ESA, and the Russians) to be developing three different surface stations
with the same payload.

Steve Squyres presented the status of the MESUR Science Definition Team activities
(L). Discussion focused on the criteria for acceptance of the MESUR Pathfinder
mission and potential instruments to be included on the mission. Also included is
a letter on the results of the last meeting (L).

What followed was a general and far reaching discussion of the merits and demerits
of a MESUR Pathfinder mission. Concern and alarm were raised at the tightly



constrained cost cap for the mission, the lack of science in the mission and the short
time in which decisions would have to be made on Pathfinder and their affect on
the design of MESUR Network. The value of Pathfinder as a programmatic testbed
to do a Discovery class mission and its positive effect on MESUR Network were
discussed as benefits. Concern was voiced over the tight deadlines in which the fate
of Pathfinder will be decided and the potential of giving the project a little more
time and money to work on its development before committing. In general the
extra funding for Pathfinder was viewed as having a positive impact on the design
and development of the full Network. In general the MarsSWG was supportive of a
MESUR Pathfinder study as being a positive programmatic and management test
and at the opportunity to explore Mars at an early date.

Lou Freidman showed a videotape of the May 1992 Death Valley tests of the Russian
rover being developed for Mars 96.

The MarsSWG meeting closed with a session on the charter and membership of the
group, both of which will be modified in the near future. No date for the next
meeting was set.



AGENDA
Mars Science Working Group Meeting
Columbia North Room
Capitol Holiday Inn
Washington, DC

June 17,1992

8.30 Code SL Status (Huntress)
9.00 Mars Aeronomy Workshop results (Jakosky/L.uhman)
9.30 Pathfinder

Pathfinder introduction and summary (Spears)
MESUR Network Update
Pathfinder rationale
Mission success criteria and Objectives
Pathfinder cost estimates

Pathfinder mission analysis (McNamee)
Pathfinder Flight System Trades (Collins)
Microrover Demonstration (Lane)

Pathfinder Microrover and Instruments

Pathfinder Opcrations>< (Sturm)

LUNCH
1.00 MESUR-Marsnet coordination (Bourke)
1.30 Possible SEI Pathfinder instruments (Kaplan)
1.45 Russian small stations (Blamont)
2.15 General discussion of Pathfinder (alD)
3.00 MESUR SDT activities (Squyres)

3.30 Executive session

Future role of MarsSWG
Membership

5.00 Adjourn

Cavyr
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Progress Report

Mars Aeronomy Study Team

R. Hartle, Chairman, GSFC

J. Luhmann, UCLA

L. Brace, U of Michigan

B. Jakosky, U of Colorado
(and several others)

Progress

o Formed science and engineering team to study possibility of using spacecraft and
instruments from current GSFC missions to perform low cost Mars aeronomy mission.
(first meeting 15-16 June)

o Concluded that best fit to Discovery was to use TIMED instruments on a SMEX
spacecraft.

o Mission Name: Mars Upper Atmosphere Dynamics and Evolution mission

Action Plan

o Form a expanded science team to develop this mission concept.

o Conduct a mini-pre-Phase A Study of the mission.

o Present the concept to the Discovery Review Panel (Nov. 17-20, 1992)

2oy



Upper Atmosphere Dynamics and Evolution Discovery
Approach:
Small Explorer (SMEX) spacecraft carrying a subset of the TIMED instruments.
Relationship to other missions:
Fills in the spatial and scientific gaps between MO, Mars-94 and Planet B missions
Scientific Goals
Upper Atmosphere Dynamics (~60-200 km)

o Global structure and variability
o Winds, tides, gravity waves, global circulation

Atmosphere Evolution
o Thermal escape

o Non-thermal escape
o Isotope ratios

Ionosphere Physics

o lon chemistry and energetics
o Effects of solar wind
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Table V.2.1.a
Primary Strawman Instruments for TIMED-H and -L

W W W ow oW

Instruments Acronym Measured Parameters Spacecraft

A. Remote Sensing H L
UV Spectrometer UVvS 03, NOy, other minor constituents X X
Near Infrared Spectrometer/Photometer NIRSP 0,(14), (03), OH rot., H20 X -
Fabry-Perot Interferometer FPI Wind, temperature and emission rate profiles X X
Imaging Photometer IP Wave structures X X
Global UV Airglow Imager GUVI Global Imaging of atmosphéric UV emissions X -
Infrared Limb Sounder! IRLS Mesospheric CO2,03,0H, NO. - X
Solar EUV Spectrometer? SEUVS Spectral Solar EUV and Xray fluxes X -
B. In-situ

Neutral Mass Spectrometer/Wind and Temperature NMSWT Local gas composition, winds and temperature X X
Ion Mass Spectrometer IMS Ion composition X X
Langmuir Probe LP Electron/ion density, electron temperature X X
Energetic Particles Analyzer EPA Auroral electron and ion energy fluxes X -
Ton Drift Meter Retarding Potential Analyzer IDM/RPA Ion drift/Electric fields, ion temperature X X
Magnetometer MAG Currents X -
Accelerometer3 ACC Total air density X X
Electric Field Detector/Plasma Wave Exp? EFD/PWE 3 axis AC and DC electric fields X -

1 low duty cycle due to high power requirements

2 not nceded on TIMED if done simultancously on other mission(s)

3 non-PI class instrument.

4 contingent on feasiblity of booms at low periapsis altitude



MARS SCIENCE WORKING GROUP MEETING

PROJECT OVERVIEW

JUNE 17, 1992
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MESUR SCIENCE WORKING GROUP MEETING

CONTENTS
. AGENDA
. COMING IN OCTOBER 92
. STATUS AND PLANS
. NETWORK MISSION STATUS
. ENTRY, DESCENT, LANDING PEER REVIEW GROUP
. ENTRY/DESCENT/LANDING SELECTION CRITERIA
. ORGANIZATION CHART
. PATHFINDER AND NETWORK SEARCH MODE
. WANTED
. FY’92/93 SCHEDULE
. PATHFINDER AND NETWORK SCHEDULE
. PATHFINDER IMPORTANCE TO NETWORK
. PATHFINDER AND NETWORK SCOPE
. PATHFINDER FLIGHT SYSTEM PRIORITY
. PATHFINDER MISSION OBJECTIVES
. PATHFINDER MISSION CONCEPT
. PATHFINDER ASSUMPTIONS AND CONSTRAINTS
. MICROROVER ASSUMPTIONS AND CONSTRAINTS
. PATHFINDER APPROACH
. PATHFINDER DEVELOPMENT CONCEPT
. PATHFINDER DATA SYSTEM

. MESUR PATHFINDER AND NETWORK SCHEDULE COMPARISON
. SCIENCE DEFINITION TEAM MEETINGS AND MESUR REVIEWS
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MESUR SCIENCE WORKING GROUP MEETING

AGENDA
PROJECT OVERVIEW - SPEAR
MISSION ANALYSIS - McNAMEE
PATHFINDER FLIGHT SYSTEM - LEHMAN
PATHFINDER MICROROVER AND INSTRUMENTS - LANE

AJS-2
6/17/92
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MESUR SCIENCE WORKING GROUP MEETING
STATUS AND PLANS

AWARDED NETWORK IN NOVEMBER ‘91 AND PATHFINDER IN MARCH ‘92

STUDYING AMES BASELINE CAREFULLY, BOTH TECHNICALLY AND
PROGRAMMATICALLY

WORKING CLOSELY WITH NASA AND MESUR SDT ON STUDY DIRECTION,
CONSTRAINTS AND PRIORITIES

UNDERSTAND CLEARLY
150 MIL$ MAX FOR PATHFINDER
150 MIL$ /YR MAX AND 1.0 BIL$ TOTAL FOR NETWORK

SUBJECT TO CONSTRAINTS, OUR JOB IS TO MAXIMIZE
SCIENCE RETURN FOR NETWORK MISSION OVER 99, ‘01,
‘03 LAUNCH OPPORTUNITIES AND WITH THE FULL
NETWORK IN OPERATIONS FOR ONE MARTIAN YEAR

SDT = Science Definition Team AJS-4

6/17/92



MESUR SCIENCE WORKING GROUP MEETING
STATUS AND PLANS (Cont'd)

STUDY DIRECTION

INCORPORATING FIXES

STUDYING SOLAR PANELS AS WELL AS RTGs

STUDYING DIRECT LINK VS COMM ORBITER

DEVELOPING AN UPRIGHT LANDING

STUDYING INSTRUMENTS DEPLOYMENT

STUDYING “MUST FLY” AND “PLUG-IN” INSTRUMENT CONCEPT
STUDYING USE OF MICROROVERS

STUDYING PATHFINDER AND NETWORK

STUDYING MISSION, FLIGHT SYSTEMS, GROUND DATA SYSTEM,
MISSION OPERATIONS CONCURRENTLY

IN A SEARCH MODE FOR GOOD IDEAS AND AVAILABLE TECHNOLOGY

POINTING TO AN OCTOBER ‘92 REVIEW OF PATHFINDER AND A DECEMBER
‘92 REVIEW OF NETWORK MISSION CONCEPTS, IMPLEMENTATION PLANS AND COST
ESTIMATES

AJS-5
6/17/92



MESUR SCIENCE WORKING GROUP MEETING

STATUS AND PLANS (Cont'd)

. CONDUCTED CRUISE CARRIER AND COMM ORBITER VS DIRECT LINK WORKSHOPS WITH
MARSNET
. WILL FLY MARSNET TO MARS VIA COMMON OR SINGLE CRUISE CARRIERS
. DEVELOPED DRAFT MARSNET CARRIER, COMM ORBITER AND DIRECT LINK

INTERFACES

. 2ND INTERFACE MEETING IN CANNES, WEEK OF JULY 27
. MARSNET SUPPORT MUST NOT IMPACT PATHFINDER

. CONDUCTED LESSONS LEARNED SYMPOSIUM WITH VIKING, PIONEER VENUS, GLL PROBE,
CSAD, RUSSIAN LUNA, VERNERA, AND MARS LANDER PRESENTATIONS

J SET UP A PEER REVIEW OF PATHFINDER ENTRY, DESCENT, LANDING APPROACHES FOR
AUGUST 5TH

J VISITING RUSSIANS TO EXPLORE PATHFINDER BUYS

. DEVELOPING A PATHFINDER INSTRUMENT SELECTION STRATEGY INVOLVING PI
SUPPORT

. DEVELOPING A WHITE PAPER ON PATHFINDER IMPORTANCE

. DEVELOPING COST EFFECTIVE GDS AND MOS CONCEPTS

CSAD = Capsule System Advanced Development accomplished at JPL in late 60’s as a
part of its Advanced Development Program

GDS = Ground Data System

MOS = Mission Operations Systems

m

AJS-6
6/17/92



MESUR SCIENCE WORKING GROUP MEETING
NETWORK MISSION STATUS

STUDYING

‘99, ‘01, ‘03 BASELINE

. EACH LANDER CARRYS LARGELY THE SAME INSTRUMENT
SET, UTILIZES A TETHERED MICROROVER FOR INSTRUMENT
DEPLOYMENT, LIMITED PLUG IN ONLY

. DEPLOYMENT OF NETWORK INSTRUMENTS OVER TWO LAUNCH
OPPORTUNITIES FOLLOWED BY A THIRD LAUNCH FOCUSING ON
SURFACE CHEMISTRY. ATMOS STRUCTURE AND IMAGING ON BOTH

. COMM ORBITER RELAY WITH DIRECT LINK

. DIRECT LINK ONLY

. FLYING MARSNET TO MARS, INTEGRATING MARSNET INTO LAUNCH
AND FLIGHT OPERATIONS, PROVIDING MARSNET COMMUNICATIONS

AJS-7
6/17/92



MESUR SCIENCE WORKING GROUP MEETING
ENTRY, DESCENT, LANDING PEER REVIEW GROUP

S. BAILEY

M. EIDEN

M. FAGET

A. FRIEDLANDER
J. GERPHEIDE

J. GOODLETTE
W. HERMINA
C.C. JOHNSON

T. KOPF

B. LAYMAN

C. PETERSON

G. SCOON

P. SIEMER

M. TAUBER

V. KERZHANOVICH

JSC ARTEMIS
MARSNET, ESTEC
NASA RETIREE

SAIC

JPL RETIREE, CHAIRMAN
MMC VIKING, RETIRE
SANDIA

NASA RETIREE

JPL

JPL

SANDIA

MARSNET, ESTEC
LANGLEY

AMES

RUSSIAN SPACE

AJS-8
6/17/92



NRAFT

MESUR SCIENCE WORKING GROUP MEETING
ENTRY/DESCENT/LANDING
SELECTION CRITERIA

AFFORDABLE FOR BOTH PATHFINDER AND NETWORK
SIMPLE AND RELIABLE
REQUIRES NO MAJOR DEVELOPMENTS

ABLE TO DELIVER A PAYLOAD ON THE MARS SURFACE UP TO 100KG FOR
NETWORK AND 200KG FOR PATHFINDER WITH LESS THAN G’S ENTRY
AND LANDING SHOCKS

ABLE TO LAND SAFELY AND UPRIGHT FOR THE VARIETY OF MARS SURFACE
CONDITIONS EXPECTED TO BE ENCOUNTERED BY THE NETWORK

- CAN IMPACT A ROCK WITH SIZE

AJS-9
6/17/92



MESUR PROJECT ORGANIZATION

MESUR
Project

T. Spear, MGR.
(818) 354-7576

Project Scientist - M. Golombek

Administrative Staff Technical Staff
Project AA TBN Mission Engr. R. Bourke
Product Assurance Mgr. J. C. Clawson
Project Sec, A. Wright
Procurement Mgr. J. Jordan
Product Engr. B. Ruhland
Science Path Finder MESUR Network Mission
Instrument Flight System _Flight System Development
L. Lana, Mgr. D. Collins, Mgr. D. Lehman, Mgr. M. Ebersole, Mgr.
Réaw'és)og.sfgg-ahggf- (818) 354-5174 (818) 354-3202 (818) 354-7757
Instrument TBN Mission, J. McNamee
Dev. Design
ROVER TBN Flight System MOS Dev.  f. sturms
Dev. Design Team
GDS Dev. A. Sacks

m
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MESUR SCIENCE WORKING GROUP MEETING
PATHFINDER AND NETWORK SEARCH MODE

LOOKING WITHIN JPL, OTHER NASA CENTERS, INDUSTRY, EUROPE AND
RUSSIA FOR GOOD IDEAS AND AVAILABLE TECHNOLOGIES:

. HOLDING “ONE ON ONE” MEETINGS WITH INDUSTRY ON PATHFINDER AND
NETWORK FLIGHT SYSTEM SUPPORT, COMM ORBITERS, DIRECT LINKS,
ETC

. CONSULTING WITH FAGET AND JOHNSON OF SPACE INDUSTRIES

. MEETING WITH FORD AND VOLVO OTHERS ON AIRBAGS AND
CRUSHABLE MATERIAL RESEARCH

. INTERACTING WITH AMES, JSC, LANGLEY, SANDIA
. SEARCHING FOR AVAILABLE TECHNOLOGY WITH IN INDUSTRY, NASA
AND DOD

AJS-11
6/17/92



MESUR SCIENCE WORKING GROUP MEETING
WANTED

AVAILABLE REGGEDIZED, SPACE PROVEN SUBSYSTEMS FOR PATHFINDER
LIGHTER, SMALLER, RUGGEDIZED, LONGER LIVED, SUBSYSTEMS FOR
NETWORK WITH DEVELOPMENT OR SPACE FLIGHTS COMPLETE BY ‘96
AEROSHELLS, AIRBAGS, CRUSHABLE MATERIAL, PARACHUTES, PARACHUTES
WITH ROCKETS
SOLAR PANELS WHICH CAN WORK IN MARTIAN SURFACE FOR MANY YEARS
SMALL, RUGGEDIZED, SPACE PROVEN BATTERIES THAT CAN WORK ON
MARTIAN SURFACE, IN PARTICULAR ITS COLD ENVIRONMENT
SMALL, RUGGEDIZED, SPACE PROVEN COMPUTERS AND SOLID STATE MEMORY
SMALL, RUGGEDIZED, SPACE PROVEN MOTORS, SEALS, LUBRICANTS, DEVICES
THAT CAN WORK FOR AT LEAST ONE YEAR ON MARTIAN SURFACE, IN
PARTICULAR ITS COLD AND DUSTY ENVIRONMENT
SMALL, RUGGEDIZED, SPACE PROVEN, EFFICIENT, SOLID STATE UHF TO X-
BAND TRANSMITTERS AND RECEIVERS
COMMANDABLE, LOW POWER DATA COMPRESSION CHIPS
SMALL, RUGGEDIZED, SPACE PROVEN, STEERABLE LANDER ANTENNAS, VHF
TO X-BAND, MEDIUM TO HIGH GAIN
SMALL, RUGGEDIZED, SPACE PROVEN SENSORS
AJS-12
6/17/92
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MESUR PATHFINDER AND NETWORK SCHEDULE
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FIGURE 2. MESUR PATHFINDER AND NETWORK SCOPE
PATHFINDER VALUE FOR NETWORK
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GOS - GROUND DATA SYSTEM

NQTE: MAY NEED TO ACCOMADATE A COMM ORBITER DEVELOPMENT FOR NETWORK
MOS - MISSION OPERATIONS SYSTEM OR MONTHS

DELIVERY SYSTEM = ELEMENTS OF CRUISE STAGE AND ENTRY, DESCENT, LANDING STAGES
FLIGHT SYSTEM INCLUDES ALL CRUISE, DEUIVERY, LANDER STAGES
LANDER SYSTEM INCLUDES ELEMENTS OF CRUISE AND LANDING STAGES

™
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MESUR SCIENCE WORKING GROUP MEETING
PATHFINDER IMPORTANCE TO NETWORK

PATHFINDER PROVIDES THE OPPORTUNITY TO ACCOMPLISH IMPORTANT
DEVELOPMENTS FOR NETWORK

. ALLEVIATES PRESSURE ON ACCOMPLISHING BOTH DEVELOPMENT AND
PRODUCTION FOR ‘99 LAUNCH

MOST IMPORTANT DEVELOPMENT IS DELIVERY SYSTEM!

. INFLUENCES DEVELOPMENT AND BUILD OF ALL LANDERS
. HARD LANDING REQUIRES MORE $ FOR LANDERS

. SOFTER LANDING REQUIRES LESS $ FOR LANDERS

PATHFINDER LANDER WILL BE A PARTIAL DEVELOPMENT FOR NETWORK

. COMPLETION OF COMM, POWER, THERMAL, DATA SYSTEM,
INSTRUMENTS, LIFETIME, PACKAGING DEVELOPMENTS WILL REMAIN AS
NETWORK CHALLENGES

PATHFINDER GOALS: DEPLOY A MICROROVER AND DO SIGNIFICANT SCIENCE

Elements of Cruise Stage and the Entry, Descent and Landing Stages resulting
in an upright configuration on the surface

m

AJS-16
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MESUR SCIENCE WORKING GROUP MEETING
PATHFINDER FLIGHT SYSTEM PRIORITY

DEVELOP A COST EFFECTIVE DELIVERY SYSTEM FOR USE ON NETWORK, TO BE
DEMONSTRATED ON PATHFINDER

ACCOMPLISH A PARTIAL DEVELOPMENT OF THE NETWORK LANDER, TO BE
DEMONSTRATED ON PATHFINDER. PRIORITIES:

. LANDER PORTION OF DECELERATOR, |.E. CRUSHABLE MATERIAL, ETC

. LANDER STRUCTURE WITH PHYSICAL SPACE AND SOME INTERFACES TO
ACCOMMODATE NETWORK “MUST FLY” AND CANDIDATE “PLUG IN”
INSTRUMENTS AND A MICROROVER

. LANDER UPRIGHTING MECHANISM IF NECESSARY

. INSTRUMENTATION AT LEAST SUFFICIENT FOR MISSION SUCCESS

. DIRECT LINK TO EARTH AT LEAST SUFFICIENT FOR MISSION SUCCESS

. POWER SUBSYSTEM AT LEAST SUFFICIENT FOR MISSION SUCCESS

. THERMAL PROTECTION AT LEAST SUFFICIENT FOR MISSION SUCCESS

. DATA SYSTEM AT LEAST SUFFICIENT FOR MISSION SUCCESS

AJS-17
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MESUR SCIENCE WORKING GROUP MEETING
PATHFINDER MISSION OBJECTIVES

PRIMARY

. VERIFICATION OF ENTRY AND DESCENT

. VERIFICATION OF SAFE, UPRIGHT LANDING

. VERIFICATION OF LANDER OPERATIONS FOR A PERIOD
SUFFICIENT TO TRANSMIT A PANAROMIC IMAGE OF THE SURFACE

SECONDARY

. PANAROMIC IMAGE OF SURFACE
. MICROROVER DEPLOYMENT AND SURFACE OPERATIONS
. CODE X AND S SCIENCE EXPERIMENTS

AJS-18
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MESUR SCIENCE WORKING GROUP MEETING
PATHFINDER MISSION CONCEPT

SINGLE AEROCRAFT, LAUNCH NOVEMBER ‘96, ARRIVAL JULY-SEPTEMBER ‘97

. CRUISE, ENTRY/DESCENT, LANDER STAGES

. LAUNCH VEHICLE: DELTA, TITAN I, OTHER

LANDER SURFACE LIFE

. FOR PRIMARY MISSION OBJECTIVES ONE WEEK

. FOR MICROROVER OPERATIONS DEMO: 30 DAYS

. FOR SEISMIC INSTRUMENT CALIBRATION: 1 YEAR

FUNCTIONAL PROOF OF CONCEPT FOR MESUR

. EMPHASIS ON ENGINEERING INSTRUMENTATION FOR DIAGNOSTIC PURPOSES

CANDIDATE PAYLOAD INCLUDES BOTH CODE S AND X INSTRUMENTS:

. MICROROVER

. ATMOSPHERE STRUCTURE

. SURFACE IMAGING

. SEISMOMETER

. WEATHER STATION

. SOIL CHEMISTRY

COMMUNICATIONS VIA DIRECT LINK (8 HOURS/DAY INTO 70M STATION)

. WILL STUDY FEASIBILITY OF A RELAY LINK VIA MARS OBSERVER, MARS’ 94,
MARS ‘96 AS A BACKUP LINK

. POWER TRADES: SOLAR PANEL/BATTERY VS BATTERY ONLY. NO RTG

. MID-LATITUDE, LOW ELEVATION LANDING SITE

AJS-19
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MESUR SCIENCE WORKING GROUP MEETING
PATHFINDER ASSUMPTIONS AND CONSTRAINTS

MESUR PATHFINDER IS A DISCOVERY CLASS MISSION TARGETED FOR A

FY'94 NEW START
. WILL USE A QUICK REACTION PI PROCESS

COST CAP FOR DEVELOPMENT THROUGH LAUNCH PLUS 30 DAYS OF
$150M (FY’92$) FOR

.« FLIGHT SYSTEM

.  CODESINSTRUMENTS

. OPERATIONS AND GROUND DATA SYSTEM

.  RESERVE

COST FOR MICROROVER, CODE X INSTRUMENTS AND THEIR SUPPORT,
LAUNCH VEHICLE, TDA, OPERATIONS PAST 30 DAYS, AND APA/TAXES
ARE IN ADDITION TO 150 M CAP

NO FLIGHT SYSTEM HEAT STERILIZATION

NASA COST REVIEW IN SPRING/SUMMER ‘93 REPLACES A NAR

TDA = Telecommunications and Data Acquisition

AJS-20
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MESUR SCIENCE WORKING GROUP MEETING

PATHFINDER ASSUMPTIONS AND CONSTRAINTS (Cont'd)
. JPL IN-HOUSE MODE WITH CONTRACTED ENTRY/DESCENT STAGE AND OTHER
SUBSYSTEMS
. WILL USE LUNAR SCOUT PROJECT MANAGEMENT AND IMPLEMENTATION
APPROACH, WILL USE JPL TEST BED
. MAY USE MESUR FLIGHT SYSTEM CONTRACTOR(S) STARTING IN MID'93,
INCENTIVIZED TO CONTRIBUTE/PARTICIPATE IN PATHFINDER
. HEAVY RELIANCE ON EXISTING HARDWARE AND/OR DESIGNS
. EXAMPLE, MAY USE SCALED DOWN VIKING ENTRY DESIGN
. PATHFINDER FUNCTIONS WILL BE LARGELY THE SAME FOR MESUR NETWORK
. MESUR NETWORK HW AND S/W MAY BE UPDATED: H/W MAY BE LIGHTER,
SMALLER, MORE RELIABLE
. PATHFINDER WILL USE SOLAR PANELS INSTEAD OF RTGs, POSSIBLY WITH RHU’s
. RISK MAY BE HIGHER THAN CURRENT PLANETARY PRODUCTS
. EXAMPLE, LESS THAN CLASS A PARTS, LESS REDUNDANCY
. RISK TO BE QUANTIFIED
. ITEMS REQUIRED FOR PRIMARY MISSION OBJECTIVES WILL RECEIVE HIGHEST
PRIORITY

NAR = Non Advisory Review
RHU = Radioisotopic Heater Units
RTG = Radioisotopic Thermal Generator

AJS-21
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MESUR SCIENCE WORKING GROUP MEETING
MICROROVER ASSUMPTIONS AND CONSTRAINTS

ROVER WILL CONDUCT CODE R TECHNOLOGY EXPERIMENTS

ROVER CAN BE UP TO 10KG TOTAL MASS -- TARGET IS 7 KG

ROVER OPERATIONS WILL OCCUR BETWEEN 10 AM - 3 PM EACH SOL

ROVER WILL OPERATE ON MARTIANS SURFACE FOR MORE THAN 30 DAYS

POWER, COMMAND, & COMMUNICATIONS VIA TETHER TO LANDER

. 2-3 WATT AVERAGE LOAD

. BATTERY ON ROVER TO HANDLE UP TO 30 WATT PEAK POWER

ROVER CAPABILITY TO TRAVEL MORE THAN 50M FROM THE LEADER AND TO

CIRCLE THE LANDER UP TO 270 DEGREE WITH TOTAL TETHER LENGTH OF

300M

USE LANDER COMPUTER FOR MICROROVER CONTROL, DATA PROCESSING,

DATA COMPRESSION AND STORAGE

. BEHAVIORAL CONTROL ALGORITHMS AND SENSOR PROCESSING AT
LEAST AS GOOD AS ROCKEY IV

. IMAGE COMPRESSION

USE “RHU’'s FOR THERMAL HEATING

. USE 1/8 WATT STRIP HEATERS AT CRITICAL LOCATIONS

AJS-22
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MESUR SCIENCE WORKING GROUP MEETING
PATHFINDER APPROACH

USE EXISTING DESIGNS AND EQUIPMENT
. GO TO BEST SOURCES

AVOID MAJOR DEVELOPMENTS, REINVENTING
IMPLEMENT A SINGLE STRING SYSTEM

ASSEMBLY QUICKLY AND TEST THOROUGHLY
. START WITH EARLY TESTS IN TEST BED

FOCUS ON PRIMARY OBJECTIVES FIRST

ATTEMPT TO ACHIEVE SECONDARY OBJECTIVES ON A BEST EFFORT
BASIS

LEARN FROM AND EXPLOIT U.S. /RUSSIAN MARS ‘94 PROGRAM

TRANSFER DEVELOPMENTS, LESSONS LEARNED TO NETWORK

™
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MESUR PATHFINDER DEVELOPMENT CONCEPT
ENGINEERING TEST
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MESUR Pathfinder Data System
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MESUR PATHFINDER AND NETWORK SCHEDULE COMPARISON

92 9 9 95 97 % %
PATH PATH PROD
181 STANDING
REVEOARDREY V| \/MAR AVl
10-21,2223 1 3193 10-1-93
PATH PATH PATH LAND
COR CDR A -
61-93 6-1-94
NET |
SELECT NAR NET
NET SYS PROJ NET
CONTRACTOR(S) STARTV VPDH i\ /NET LAUNCH 01
6103 7-1-94 1-28-99

10-1-95 12-1-95

™

AJS-26
6/17/92



SCIENCE DEFINITION TEAM MEETINGS AND MESUR REVIEWS
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MESUR PATHFINDER AND NETWORK

MISSION DESCRIPTIONS

Mars Science Working Group Meeting

June 17, 1992

John McNamee
Jet Propulsion Laboratory

Pasadena, CA



1996 MESUR PATHFINDER

Mission Overview
Aeroentry Description
Trajectory Characteristics
Geometric Considerations

Pathfinder Benefits

Mission Description Topics

JPL -

JBM -
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APl

Pathfinder Mission Overview

. Launch via Delta Il during 1996-7 Earth-Mars Opportunity
- Single free-flying aerocraft (includes propulsion system)
. 100 m/s allocated for Trajectory Correction Maneuvers and Site Targeting

- Entry configuration is spin stabilized, ballistic, Viking derived aeroshell
(Uses SLA-561 ablative material for heat shield)

. Atmospheric structure data collected and relayed to Earth during entry

. Parachute deploy at ~10 km altitude, Mach 0.8

. Terminal deceleration system required to reduce surface contact speed

. Primary mission objectives are to enter atmosphere, descend, land, and
achieve upright configuration. Secondary science and microrover operations
goals.

. Limited arrival site targeting capability required - reduced nav complexity

. Direct communications link to Earth, solar array power source likely

RAC
6/4/92
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ABL

Aeroentry Overview

Approach Asymptote

Vinfinity

* Blunt-cone aeroshell Entry Angle(y)

+ Ballistic coefficient (B) ~ 30 kg/m2 Entry Velocity (Ve )

« Max Deceleration: (V3, siny)
« Deceleration Limit ~40 g
« Max Heating Rate: (V3, B2, sin''2y)

« Ablative Material SLA-561
Heating Rate Limit - 80 W/cm2

« Downtrack Targeting Accuracy: (1/tanv)
_ Atmospheric
 Nominal Entry Angle = -20° Interface

« Entry Velocity Limit = 6.5 km/s ~ 125 km

(Assumes Catalytic Ablation)

RAC
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1996 MESUR PATHFINDER

Comparison of Entry Characteristics for Viking and Pathfinder

Parameter Viking Pathfinder
Approach From Mars Orbit Direct Hyperbolic
Attitude Control Guided, RCS Ballistic, Spinning
Ballistic Coefficient (kg/m2) 65 30
Aeroshell Diameter (m) 3.5 2.5
Lift/Drag (L/D) 0.18 0
Entry Angle - 125 km (deg) -13.7 -20
Entry Velocity - 125 km (km/s) 4.7 <7.0
Max Heat Rate (W/cm?2) <29 (100°) 93 (Ames)
Integrated Heat Load (kJ/cm?) <1.53 1.9 (Ames)
Max Dynamic Pressure (kN/m2) <6.9 17.0 (Ames)
Max Deceleration (g's) <11 30

.

SLA-561 ablator material maximum operating limit per Ames



Peak Heating Rate on Entry (W/cm?) - Ballistic Coefficient 30 kg/m?

Ve /v -15.0 deg -17.5 deg -20.0 deg
6.0 km/s 51 55 59
6.5 km/s 65 70 75
7.0 km/s 81 87 93"

Peak Heating Rate on Entry (W/cm?2) - Ballistic Coefficient 40 kg/m?

Ve /' v -15.0 deg -17.5 deg -20.0 deg
6.0 km/s 58 62 66
6.5 km/s 73 79 84
7.0 km/s 91 08 105

Maximum Deceleration on Entry (g's) - Ballistic Coefficient 30 kg/m2

Ve /v -15.0 deg -17.5 deg -20.0 deg
6.0 km/s 17 19 22
6.5 km/s 19 23 26
7.0 km/s 23 26 30"

Maximum Deceleration on Entry (g's) - Ballistic Coefficient 40 kg/m?

Ve / v -15.0 deg -17.5 deg -20.0 deg
6.0 km/s 16 19 21
6.5 km/s 19 22 25
7.0 km/s 22 26 29

*

Ames baseline values




1996 MESUR PATHFINDER

Reference Type Il Trajectory Characteristics

Launch Arrival Launch Launch Approach Vinfinity Ventr
Date Date Energy Asymptote Asymptote (km/s) (km/s
(km2/32) Declination | Declination
_————‘-_———————m
11/23/96 | 11/10/97 10.0 21.80 -27.90 3.9 6.3
12/02/96 | 11/10/97 9.2 28.10 -30.590 3.9 6.3
12/12/96 | 11/10/97 10.0 35.50 -34.40 3.9 6.3

Arrival Conditions on 11/10/97:

Mars - Earth distance: 292 million km

Mars - Sun distance: 210 million km

Aerocentric longitude of the Sun (Vernal equinox reference): 212°

Declination of the Sun:

140

JPL - MESUR '\
JBM - 5/21/92



MESUR Pathfinder Reference Launch Period

Locus of Possible
Landing Sites

Mars ¥elocity Vecto

>

/

Possible Arrival
Asymptotes

Terminator

(Sunrise) ' Earth Observability
Limit (Earth Set)
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1996 MESUR Pathfinder

Benefits for MESUR Network in Mission Design/Navigation Areas

Mission/trajectory design process and tools used for Pathfinder apply directly to MESUR
Network trajectory design; i.e., same process/tools, different dates

Navigation software identical
Navigation operations similar
 Range and/or Doppler measurements are the primary data types

e Maneuver strategy and implementation differs only in that MESUR Network may/will
require additional Delta-V to separate lander arrival times

e Possible proof of concept in operations of spacecraft-spacecraft VLBI data type
which may reduce entry risk and provide improved lander targeting accuracy for
MESUR Network

Characterization of vehicle dynamics in flight which may affect entry risk and provide
improved lander targeting

o Solar radiation pressure model
 Maneuver execution errors

» Spinning vehicle nutation effects

JPL - MESUR ' (
JBM - 5/21/92



1996 MESUR Pathfinder
Benefits for MESUR Network

» Coherent range and Doppler measurements to the landed vehicle will allow the
development of an improved Martian ephemeris which may eliminate the need for
operationally intense VLBI data types

* Atmospheric structure science will provide improved knowledge of the Martian
atmosphere providing risk reduction and targeting accuracy benefits

JPL - MESUR -

JBM - 5/21/92



MESUR NETWORK

Mission Description Topics

e Mission Overview
e Landing Site Considerations

* Trajectory Characteristics

JPL - MESUR
JBM - 5/21/92 B



ARBL

Network Mission Overview

- Launch via Delta Il during 1998-99, 2001, and 2003 Earth-Mars Opportunities
- Four free-flying aerocraft in each launch (1 launch in 1999 & 2001, 2 in 2003)
- Each aerocraft independently retargeted after launch to desired landing site
- Significant operational complexity due to four independent flight elements

- Maximum design inheritance from Pathfinder - especially in aeroshell and
landing subsystems (spinning, ballistic, Viking-like aeroshell)

« Primary science objective is two years simutaneous operations of 16 element
network for seismology, meteorology, and surface geochemistry

- Precise arrival site targeting capability required - complex navigation
- High latitude sites desirable ==> Implies communication orbiter and RTG's
« Communication Orbiter launch in 2001 (Ames Baseline) - Delta Il launch

. Alternative mission scenarios possible without comm orbiter or with compressed
launch schedule

RAC
6/4/92 T\



ABPL

Landing Site Availability

- Strawman Landing Site List

+ 1999
- Valles Marineris (6°S,58°W) - 70° Solar Elevation Angle
- Valles Marineris (5°S,54°W) - 70° Solar Elevation Angle
- VL-1 Site (23°N,48°W) - 35° Solar Elevation Angle
- Olympus Mons (13°N,130°W) - 50° Solar Elevation Angle

+ 2001
- Oldest Plateau (2°S,54°W) - 65° Solar Elevation Angle
- Nothern Plains (60°N,50°W) - Not Achievable
- Hellas (40°S,310°W) - Not Desired, 65° Solar Elevation Angle
- Polar (90°S,-) - Not Achievable

+ 2003
- Ancient Argyre Rim (44°S,55°W) - 45° Solar Elevation Angle (N Launch)
- Noachian Plateau (44°S,120°W) - 45° Solar Elevation Angle (N Launch)
- Tyrrena Patera (21°S,254°W) - 70° Solar Elevation Angle (S Launch)
- Lacustrine Deposits (15°S,185°W) - 75° Solar Elevation Angle (S Launch)
- Syrhis Major (5°N, 295°W) - 60° Solar Elevation Angle (N Launch)
- N. Arabia (38°N,309°W) - 45° Solar Elevation Angle(S Launch)
- Chasma Borealis (82°N,55°W) - -15° Solar Elevation Angle (N Launch)
- Polar Plains (66°S, 66°W) - 25° Solar Elevation Angle (S Launch)

- Shifting High Latitude Sites From 2001 to 2003 Would Allow All Sites to be
Achieved
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EARTH OBSERVABILITY VARIATIONS
1998-2006 (20° MASK)
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MESUR 1999 Reference Launch Period

Reference Launch Period Data

Launch Arrival Launch C3 Launch Arrival V-infinity V-entry

Date Date (km2/s2) Declination | Declination (km/s) (km/s)
12/6/98 9/30/99 11.63 10.70° -28.81° 3.38 5.98
12/15/98 9/30/99 10.28 17.53° -32.30° 3.37 5.97
12/25/98 9/30/99 10.64 28.93° -38.59° 3.46 6.02
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MESUR 1999 Reference Launch Period
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Solar Elevation Angle at Landing Site (deg)

MESUR 1999 Reference Launch Period

Landing Site Latitude (deg)
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Earth Elevation Angle at Landing Site (deg)

MESUR 1999 Reference Launch Period
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MESUR 2001 Reference Launch Period

. Reference Launch Period Data

Launch Arrival Launch C3 Launch Arrival V-infinity V-entry

Date Date (km2/s2) Declination | Declination (km/s) (km/s)
1/28/01 11/01/01 13.87 -1.16° -26.20° 3.92 6.30
2/6/01 11/01/01 12.60 6.56° -29.31° 3.92 6.30
2/16/01 11/01/01 13.76 20.36° -35.44° 413 6.43
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MESUR 2001 Reference Launch Period
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